Objective: To assess treatment discontinuation and concomitant use of other antipsychotics among individuals initiated on olanzapine or risperidone for the treatment of schizophrenia.
A typical antipsychotics are considered first-line medications for schizophrenia (1) . They are better tolerated and are superior to typical antipsychotics in terms of persistence (2, 3) and efficacy (4) , especially with regard to treatment of negative symptoms such as apathy and flat affect (5, 6) . Olanzapine and risperidone are the most widely prescribed antipsychotics (7) .
Persistence with treatment is an important factor in determining the success of long-term therapy. It is associated with symptom remission, relapse prevention, and tolerability. Clinical practice guidelines for schizophrenia suggest a treatment duration of 1 year or more for a first episode (1) . A major problem with the use of antipsychotics is the high rate of treatment discontinuation. Proportions of patients discontinuing their treatment have been shown to vary between 27% and 57% (2, 3, 8) . In addition, as many as 78% of patients will experience an exacerbation or relapse within 1 year of antipsychotic discontinuation (9) . From US data on national expenditures for inpatient mental health care during 1986, Weiden and Olfson estimated that the aggregate cost of readmission due to noncompliance and antipsychotic loss of efficacy approached US$2 billion (1993 dollars) within 2 years of hospital discharge (10) .
Although monotherapy is the standard recognized treatment for psychosis, Procyshyn and others estimated that 27.5% of schizophrenia patients are discharged from hospital with an antipsychotic polypharmacy regimen (11) . No evidencebased data exist to determine whether patients benefit from concomitant treatment (11, 12) . Therefore, concomitant use of other antipsychotics may be considered to be a potential marker of a particular drug's lack of effectiveness.
As discontinuation of atypical antipsychotics has thus far been studied mostly in RCTs or by pooling data from controlled trials (2, 3, 8) , the primary aim of our study was to compare discontinuation rates among first-time users of olanzapine with those among first-time users of risperidone in a large heterogeneous population of outpatients suffering from schizophrenia. We also compared the risks of receiving a concomitant antipsychotic drug among patients persisting with their initial treatment.
Methods
We carried out a population-based cohort study, using the Quebec health insurance databases maintained by the RAMQ and the Quebec database for hospitalizations administered by the Quebec Ministry of Health and Social Services. Data on patients and on their use of prescription drugs came from the RAMQ drug benefit plan database. This plan covers all Quebec residents who do not have a private drug insurance plan, who are welfare recipients, and who are aged 65 years and over. This database is known to be accurate for prescription claims (13) . Diagnoses were obtained from the RAMQ database of physician services and from the database for hospitalizations.
We asked RAMQ to identify all drug plan beneficiaries for whom were found at least one claim for an atypical antipsychotic (clozapine, olanzapine, quetiapine, or risperidone) between 1 January 1997 and 31 August 1999. The date of the first claim for any atypical antipsychotic in this time period was the index date. For each antipsychotic user, RAMQ sent us data on all drugs claimed for the entire period between 1 July 1996 and 31 August 2000, as well as eligibility periods and beneficiary type, age, and sex. We then excluded patients who were not eligible for the drug plan for the entire 180-day period prior to the index date. We also excluded patients who had received any atypical antipsychotic in the preceding 180-day period, who had received 2 atypical antipsychotics at the index date, or who had only claims of a 0-day supply in the database. Because they were few, we then excluded patients who had received clozapine or quetiapine as the first atypical antipsychotic. We excluded patients for whom we did not find a diagnosis of schizophrenia (diagnosed according to ICD-9, codes 295.0 to 295.9) in the 180-day period prior to the index date. Each remaining patient was then put into either the olanzapine treatment group or the risperidone treatment group.
Person-time of follow-up was assessed as the time from the index date to 1 of the 5 following dates, whichever occurred first: 365 days of follow-up, discontinuation of index drug, ineligibility for the drug insurance plan, moving out of the province, or death. Using information from the above databases, we defined the subtype of schizophrenia, past hospitalization for mental illness, comorbidity, substance use disorder, and persistence with the index drug, as well as concomitant antipsychotic prescriptions.
First, we determined the subtype of schizophrenia according to ICD-9 codes (295.0 to 295.9) entered in the 180-day period preceding the index date. Then, we classified each person as either having been hospitalized for a mental illness (first diagnosis: ICD-9 codes 290 to 319) or not in the 180-day period preceding the index date. We also assessed comorbid substance use disorders in the 180-day period preceding the start of treatment, since these disorders can play a role in the persistence of antipsychotic use. For this, we used ICD-9 codes 291 (alcoholic psychosis), 292 (drug psychosis), 303 (alcohol dependence syndrome), 304 (drug dependence), and 305 (nondependent abuse of drugs).
To assess comorbidity, we used a chronic disease score with empirically derived weights based on age, sex, and prescription claims (14) . To assess this score, we used claims for the 180-day period prior to the index date. This score is a modified version of a chronic disease score (15) often used in observational database studies. It is computed with prescription claims of drugs used to treat different chronic diseases or to relieve acute symptoms. Scores ranged from 252.3 to 55 168.0, and the higher the score, the higher the comorbidity level. We placed individuals in 3 equal categories according to their score: low comorbidity (scores less than 2777), medium comorbidity (scores between 2777 and 4668) and high comorbidity (scores above 4668).
Outcome Variables
Treatment discontinuation was defined as the failure to refill the index drug within twice the days' supply of the preceding claim. For claims of 3 days or less, the permissible gap between the end date of the claim and the date of the next renewal was set at 7 days. Discontinuation date was the date of the last renewal plus the days' supply.
We assessed concomitant antipsychotic use among patients who persisted 365 days with the index drug. Those receiving at least one prescription of another antipsychotic (AHFS class 28:16.08) after the index date were considered to have concomitant antipsychotic use. To avoid assuming that a transition from one antipsychotic to another indicated concomitant use, the days' supply of a claim for a concomitant antipsychotic had to end before the end of the subject's follow-up.
Statistical Analysis
Baseline characteristics were described for the 2 treatment groups. Differences at baseline were assessed with the chi-square test for proportions. We used a Cox proportional hazards model to compute the HRs of treatment discontinuation and to obtain adjusted survival curves. We used a logistic regression model to compare the odds of receiving concomitant antipsychotic treatments.
Using the interaction terms method in both models, we observed that age, sex, region, subtype of schizophrenia, comorbidity, prior mental illness hospitalization, beneficiary type, substance use disorder, and prescriber's specialty did not cause an interaction in the association between the initial atypical antipsychotic and treatment discontinuation or concomitant antipsychotic use. We therefore adjusted all models for these same characteristics. All ratios are presented with their 95%CIs. Analyses were performed with SAS Version 8.1 (16) .
Results
Between 1 January 1997 and 31 August 1999, 38 048 patients were dispensed a prescription of olanzapine, risperidone, quetiapine, or clozapine. Of these, 4648 were not eligible for the drug plan in the 180-day period prior to the index date, and 2676 received an atypical antipsychotic during this same period. In addition, 55 received 2 atypical antipsychotics at the index date, and 8 had only claims of a 0-day supply. Of the 30 661 remaining patients, we excluded 268 clozapine users and 533 quetiapine users. Then, we excluded a further 23 455 patients who had not received a diagnosis of schizophrenia in the 180-day period prior to the index date. Thus 6405 patients were eligible for the analysis: 3687 olanzapine users and 2718 risperidone users.
We compared baseline characteristics of study patients and observed some statistically significant differences between the 2 treatment groups in age, sex, beneficiary type, comorbidity, and prescriber specialty (Table 1) .
Treatment Discontinuation
There were 3877 (60.5%) patients who discontinued the index drug before the end of the 365-day study period. Median Includes simple, disorganized, catatonic, latent, undifferentiated, and other specified types of schizophrenia c CDS assessed for the 180-day period prior to the index date, according to empirically derived weights as published by Clark and others (14) d Substance use disorder assessed for the 180-day period prior to the index date using ICD-9 codes 291, 292, 303, 304, and 305 duration of follow-up was 233 days for olanzapine users and 142 days for risperidone users ( Table 2 ). Figure 1 shows survival curves of treatment discontinuation adjusted for age, sex, region, schizophrenia subtype, comorbidity, prior mental illness hospitalization, beneficiary type, substance use disorder, and prescriber specialty. We observed a high discontinuation rate in the first 30 days of treatment, indicating that many patients had filled one prescription only. The adjusted risk of discontinuing the index drug was lower for olanzapine users, compared with risperidone users (HR = 0.79; 95%CI, 0.74 to 0.84).
Concomitant Antipsychotic Use
Among the 1560 olanzapine users and the 897 risperidone users who persisted with the drug, 738 (47.3%) and 435 (48.5%) patients, respectively, received at least one concomitant antipsychotic prescription. When comparing olanzapine to risperidone users, we found that the adjusted OR of receiving at least one concomitant antipsychotic prescription was not statistically significant (OR 0.85; 95%CI, 0.71 to 1.01).
Discussion
Among all patients who began taking olanzapine or risperidone, 60.5% discontinued their initial treatment during the first year. In previous studies, the proportion of patients discontinuing their treatment had been shown to vary between 27% and 57% (2, 3, 8) . Two factors may explain the high proportion of discontinuation observed in our study. First, since patients in RCTs are closely monitored, one might expect higher discontinuation proportions in outpatient settings.
Second, most studies of atypical antipsychotics measured discontinuation over a period of less than 1 year (3,8), whereas our study measured it for a complete year. Moreover, in other chronic disease areas such as hypertension, discontinuation has been shown to increase over time (17) .
The results of a metaanalysis of RCTs comparing risperidone, olanzapine, and quetiapine users with those using a placebo (8) and the results of a randomized clinical study comparing clozapine, olanzapine, risperidone, and haloperidol users (18) showed no significant differences in treatment persistence among atypical antipsychotic users. The strict inclusion criteria, short trial duration, and strict monitoring of RCTs when compared with a real-life setting may explain why these studies had failed to show any differences in persistence.
Our results indicate that discontinuation rate was lower for patients using olanzapine, compared with those using risperidone. Reasons for our study's difference in favour of olanzapine are unclear. Indeed, there is no evidence of the superior efficacy of olanzapine over risperidone (4, 8) . There may be some advantage to olanzapine over risperidone concerning dosage-related extrapyramidal reactions (19) , but the current low dosages used with risperidone (Table 2) give this statement little import (20, 21) . Conversely, it is possible that low dosages used with risperidone, particularly when initiating treatment, may be suboptimal. Random variation within the 2 groups may also confound the difference observed between them. As stated earlier, monotherapy is the standard recognized treatment for psychosis. However, concomitant use of 2 antipsychotics is considered appropriate when treatment response to an atypical antipsychotic is inadequate (22) . In our study, olanzapine and risperidone users were at equal risk for having some antipsychotic drugs in combination therapy. Our results are concordant with those reported in the RODOS study, in which hospitalized risperidone and olanzapine users were compared and in which no difference was found in concomitant use of antipsychotic drugs (23) . However, the RODOS study focused on hospitalized patients, in contrast to our ambulatory setting.
Our study has some limitations. First, given that many patients were over age 45 years, it is likely that many had previous exposure to antipsychotics, because the onset of schizophrenia generally occurs prior to age 45 years. We therefore explored the effect of age on treatment discontinuation by conducting separate analyses for patients aged under 45 years and those aged 45 years or over. Age did not affect HRs (data not shown).
Second, our study has limitations inherent in the analysis of administrative databases. Information on disease severity, reduction of symptoms, and side effects was not available. Also, because the database did not capture in-hospital use of medications and the use of physician samples, this may have translated into an overestimation of discontinuation rates and an underestimation of concomitant antipsychotic prescriptions. As well, a pharmacy claim for dispensing a drug does not confirm the actual use of the drug. The RAMQ database, on the other hand, is accurate for prescription claims (13) . Another problem with administrative database analysis is that patients are not randomly assigned to their treatment group, which may introduce confounding factors. As mentioned before, we selected only diagnosed schizophrenia patients who were new users of olanzapine or risperidone to minimize this potential bias. We also adjusted our models for age, sex, subtype of schizophrenia, region, comorbidity, prior mental illness hospitalization, beneficiary type, substance use disorder, and prescriber specialty.
That being said, we were able to perform a population-based head-to-head comparison of 2 atypical antipsychotics in terms of persistence and use patterns; as well, our assessment was based on a large population. Moreover, our 365-day follow-up period was long enough to provide a comprehensive assessment of the patterns of use of atypical antipsychotics, given that most clinical guidelines suggest at least 1 year of treatment after a first psychotic episode (1).
To conclude, our results suggest certain clinical implications. First, the high rate of discontinuation in the first month of treatment highlights the need for strict monitoring and for greater support of patients initiating treatment using atypical antipsychotics. Second, persistence with treatment is an important factor in the long-term success of therapy. Olanzapine users seem less likely to discontinue their 
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Risperidone Olanzapine Figure 1 Survival curves of discontinuing the initial medication among users of olanzapine or risperidone, adjusted for age, sex, region, schizophrenia type, comorbidity, prior mental illness hospitalization, beneficiary type, substance use disorder, and prescriber's specialty treatment in the first year. However, this advantage must be balanced against the importance of potential adverse events such as weight gain, diabetes, or dyslipidemia. In fact, increasing evidence suggests that olanzapine users are more at risk for developing diabetes (24) (25) (26) or dyslipidemia (26) (27) (28) than are risperidone users.
Finally, a high proportion of persistent users of risperidone or olanzapine use concomitant antipsychotic drugs. The complex drug regimens followed by these patients may increase adverse drug reactions and may lessen treatment adherence.
These important factors should be considered in the initial choice of treatment. Further studies comparing use patterns are needed to investigate the relative economic implications of these drugs in head-to-head cost-effectiveness analysis.
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Résumé : L'utilisation ambulatoire d'olanzapine et de rispéridone : une étude de la population sur la persistance et l'utilisation d'une thérapie concomitante dans le traitement de la schizophrénie Objectif : Évaluer la cessation du traitement et l'utilisation concomitante d'autres antipsychotiques chez les personnes ayant d'abord reçu de l'olanzapine ou de la rispéridone pour le traitement de la schizophrénie.
Méthode : À l'aide de données du régime d'assurance-maladie du Québec et de la base de données d'hospitalisation du Québec, nous avons mené une étude de cohortes dans la population de patients qui ont reçu une première ordonnance d'olanzapine ou de rispéridone, entre le 1 er janvier 1997 et le 31 août 1999. Étaient compris 6 405 patients souffrant de schizophrénie que nous avons suivis de la première ordonnance d'olanzapine ou de rispéridone jusqu'à soit la date de cessation, soit la fin de l'admissibilité au régime d'assurance-médicaments, soit 365 jours, soit la date de déménagement de la province, soit la date de décès. Nous avons utilisé les modèles de régression de Cox pour calculer les indices de danger (HR) que le traitement soit interrompu, et les modèles de régression logistique pour calculer les risques relatifs (OR), chez les patients persistants, d'avoir une ordonnance d'antipsychotique concomitante. Tous les modèles ont été rajustés selon l'âge, le sexe, le trouble de schizophrénie, la comorbidité, la région, le type de bénéficiaire, le trouble lié à une substance, et l'hospitalisation antérieure pour maladie mentale. Conclusions : Les résultats de l'étude suggèrent que les nouveaux utilisateurs d'olanzapine étaient moins susceptibles d'interrompre leur traitement initial que ne l'étaient les nouveaux utilisateurs de rispéridone, bien que la cessation ait été élevée dans les deux groupes. Parmi ceux qui ont persisté, l'utilisation concomitante d'autres antipsychotiques ne différait pas entre l'olanzapine et la rispéridone.
